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ABSTRACT: 
A growing concern of the impacts from carbon emitting fuels has lead to the development of 
potentially carbon natural biofuels in the form of biodiesel, bioethanol, and biogas. Unfortunately, first 
generation sources such as corn, palm, and soy, have not been able to meet the needs of an environmental 
friendly fuel. In response, microalgae have been proposed by many as an alternative, with the potential to 
overcome many of the limitations of the first generation sources. Biofuel production from microalgae, 
however, has not been economically competitive with other petroleum based fuel, and has environmental 
issues of its own. The viability of microalgae growth on three waste water sources; municipal wastewater, 
food waste water, and leachate, was explored to determine if media costs could be eliminated through 
mitigation of waste water sources, while at the same time reducing freshwater and fertilizer needs for 
microalgae growth.   
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1. INTRODUCTION 
1.1 Need for Cleaner Energy 
Despite a growing consensus regarding the unsustainability of fossil fuels, their use continues to 
dominate the energy industry. Over use of fossil fuels has led to a wide range of environmental problems 
resulting from the mining, refining, and burning of these fuels. Most notably, the accumulation of 
greenhouse gasses (GHG), already at the worryingly high level of 450 ppm of CO2 equivalents, is now 
leading to dangerous changes in the climate. To address this, many countries have set CO2 reduction 
targets of 20-30 % by 2020. However, the International Panel on Climate Change (IPCC) concluded that 
even greater emission reductions of 50-85% by 2050 are needed in order to stabilize CO2 at a safer level 
(Schenk et. al, 2008)  
Responding to such concerns, the use of environmentally conscious alternatives such as wind 
power, solar panels, and geothermal energy have been developed and promoted to help offset the 
dominance that fossil fuels have on the energy industry (Schenk et al., 2008). However, these alternative 
energy sources produce only electricity, and according to the Energy Information Administration (EIA), 
66% of the world’s energy use is captured by liquid fuel in the form of oil derivatives. Despite progress in 
the energy sector, there are currently only limited renewable biofuel technologies that have the possibility 
to compete with the world’s oil use.  
Today the United States uses 19 million barrels of petroleum fuel every day, which accounts for 
about 22% of world use (EIA, 2011). In order to find a substitute that can match this magnitude, the 
chosen feedstock must be able to harness the energy from a massive source, but must also be part of a 
renewable cycle to maintain carbon neutrality. Because of this, most replacement fuels are produced as 
products of a biological conversion of solar energy into chemical energy. Chemical energy is energy 
stored in compounds such as lignin, cellulose, starch, and oils (Schenk et al., 2008) which can then be 
converted into burnable gases (biogas), ethanol, or biodiesel. These alternatives to oil based fuel are 
grouped in a larger category called biofuels.  
Like our current fuel sources, biofuels are all highly carbon based, but because the carbon stored 
in these molecules was sequestered from the atmosphere, no new carbon is released during burning of 
biofuels. Besides being a theoretical net-zero carbon fuel sources, biofuels are also able to utilize existing 
distribution networks and current engine technology (Lardon et. al, 2009). Biofuel systems are highly 
flexible and can produce a wide range of products from a single source (biodiesel, bioethanol, biogas, 
biomethane, and biohydrogen) (Schenk et al., 2008).  
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Biodiesel, a well known biofuel, is the product of the esterification of triglycerides, or oils, from 
plant based sources. The product of fermented starches, ethanol, has also found much attention in the 
public eye and is now a common additive to gasoline. Oils extracted from canola, soy, and palm, as well 
as ethanol produced from corn, is considered first generation biofuels. While first generation feedstocks 
have been shown to produces a useable fuel source, environmental issues began to arise, which led many 
to question the viability and sustainability of these biofuels. Increased global pesticide and fertilizer use, 
coupled with land competition for food crops, have led many to reevaluate the benefits of first generation 
biofuel sources (Lardon et. al, 2009). The most significant problem with first generation feedstocks lies in 
their inability to meet current fuel demands. It has been calculated that even if 13% of the planet (all of 
Earth’s arable land) were used to grow oil-producing crops, less than half of our current fuel demand 
could be met by biofuel production alone (Schenk et al., 2008). These concerns, as well as others, have 
led to the emergence of a second generation of feedstocks that attempt to address these issues, with 
microalgae becoming one of the lead players (Chisti, 2007; Schaub et al., 2007).  
 
1.2 Microalgae 
 
 
Figure1.1: Image of Chlorella courtesy of Carrisa Hurdstrom 
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Microalgae, microscopic single celled aquatic plants, have a very high photosynthetic yield; about 
3-8% vs. 0.5% for terrestrial plants (Huntley and Redalje, 2007; Li et. al, 2008). This means that 
microalgae can convert a higher percentage of the sun’s energy into biomass than terrestrial plants, and so 
decreases the amount of land required to produces an equivalent amount of feedstock. Microalgae are also 
harvestable many times a year and can be grown on un-arable land in un-potable water sources, such as 
wastewater and brackish water (Schenk et al., 2008; Park et al., 2011). Microalgae can be grown without 
fertilizer or pesticide use and they can produce valuable co-products or by-products such as proteins, 
polysaccharides, pigments, biopolymers, animal feed and fertilizer (Luisa, 2011). Perhaps most 
importantly, because microalgae can be grown on marginal lands in tainted waters, this feedstock doesn’t 
compete for limited resources with current food production. These factors lead to estimates of microalgal 
oil production to be 15-300 times greater than soy beans per hectare (Sheehan et al., 1998; Chisti, 2007; 
Benemann, 2008b). At peak production, a hectare of soybeans can produce 446 liters of biodiesel from oil 
every year. A hectare of sunflower seed, 952 liters per year, a hectare of oil palm, 5,950 liters per year. 
While a hectare of microalgae at 30% triaclglycerides (TAG), 12,000 liters per year, and a hectare of 
microalgae at 50% TAG, 98,500 liters per year (Schenk et al., 2008). With current increases in oil yields 
in newly engineered microalgae, and improved growing conditions, it is becoming more common to 
approach the higher ends of these estimations.  
There are two main camps for microalgal production, those that grow microalgae in controlled 
photobioreactors (PBRs), and those that grow microalgae in open pond systems. Flat panel PBRs have 
been shown to promote the highest densities of microalgal growth and the highest photosynthetic 
efficiencies (Rodolfi et al. 2009; Eriksen 2008). However, PBRs can be expensive to construct and are 
hard to produce on the large scale. Open raceway ponds are a very efficient and cost effect alternative to 
PBRs, however they are susceptible to contamination from unwanted species. 
For many large scale microalgae producers, a hybrid system is employed. Large open ponds are 
inoculated with a dense pure culture grown in PBRs. The large pure inoculating culture establishes the 
desired fauna in the open ponds. Over time, however, the culture does become contaminated and the 
ponds need to be re-inoculated. Such a system has been demonstrated by Aquasearch (Hawaii,USA), 
where Haematococcus pluvialis was cultivated for astaxanthin production. Half of the Aquasearch facility 
is dedicated to microalgal growth in PBRs, which feed open ponds for large scale growth. Enough 
nutrients are present in the large ponds to support microalgal growth for 1 day. After 3 days, when 
astaxanthin production peaks, the microalgae are harvested and the ponds are re-inoculated (Huntley and 
Redalje, 2007). 
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Big pond systems require large energy inputs for the growing, harvesting, and processing of 
microalgae, a concern that is being addressed with increased renewable energy use and development of 
wet extraction methodology. If microalgae are being grown for maximum biomass accumulation, enough 
nutrients need to be present in the culture to maintain optimum growth. Nutrients in the form of CO2 are 
also used to supplement such systems. If the CO2 used isn’t coming from some waste stream, then the 
growth of microalgae can become a producer of greenhouse gasses instead of a sink or a neutral source. 
  Maintaining media for big ponds systems, therefore, require large nutrient additions and water 
resources to support microalgal growth, and if microalgae are going to become a large player in the green 
fuel market, it is essential that it provides more good than harm. This means solving problems associated 
with large fresh water use, fertilizer inputs, non-waste CO2 use, and processing energy before a large 
scale green energy production market can be established.  
 Environmental concerns asides, economic feasibility is another factor keeping microalgae based 
fuel systems from playing a more prominent role in the fuel industry. According to Chisti (2008), 
microalgae based biodiesel fuel production must drop 10-fold to be competitive with crude oil at 
$100/barrel. Seambiotic Ltd., a company based in Israel, has been able to achieve oil costs of $209 a 
barrel using a microalgae based system with an average of 26% oil yield (Schenk et al., 2008).  A 
theoretical study concluded that using a 400 hectare open pond system, CO2
 
flue gas from a power plant, 
and a 50% microalgal lipid yield, microalgal oil cost could be as low as $84 per barrel, competitive with 
current fuel prices (Huntley & Redalje, 2007). There are currently a number of cost estimates such as 
these that fall all over the map, a phenomenon created by the multitude of growing and processing 
conditions, and techniques. As researchers and growers gain more experience with microalgae and center 
around the most efficient processes, the costs estimates can continue to drop.   
In order to improve these systems, researchers have utilized two methods to reduce costs. The 
first is to optimize the growth process by maintaining better growing conditions, such as pH regulations, 
temperature control, batch feeding cycles, nutrient level control, and optimal mineral nutrient levels 
leading to higher cell densities and oil concentrations (Schenk et al., 2008). The other approach is by 
utilizing waste streams such as CO2 flue gas and wastewater as a media substitute. It is from this second 
method that the research presented here is oriented.  
 
1.3 Growth Media; Fertilizers or Wastewater 
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Growth media encompasses a large portion of the environmental and economic landscape in 
microalgae for fuel systems, and is the focus of this research. Large volumes of water are needed to fill 
microalgal ponds, and the use of fresh water or irrigation water can pose conflicts with other industries or 
areas which are already strained for water. Fresh water use is felt strongest in dry climates where many 
microalgae based systems are currently being built or proposed due to optimal growth conditions (light 
and temperature). 
Nutrients needed for these ponds are also of concern as they raise the price of the operation, and 
could also lead to environmental damage if leaked into the environment. While some microalgae systems 
have highly controlled nutrient levels for specific products, many are less sensitive to some variation in 
media composition. This has led Park (2010) and others to suggest that a niche opportunity exists for 
using wastewater as a media source for growing microalgae. Such a process helps to mitigate costs 
associated with nutrient addition and water source as well as environmental concerns associated with 
using potable water sources and fertilizers. Linking wastewater treatment with microalgae growth allows 
for wasted nutrients (and energy) to be recycled, creating less environmental strain from fertilizer use and 
chemical use in treatment plants. It also creates Economies of Scope, the combining of two separate 
industries (wastewater treatment and microalgae production) into one by removing overlap, reducing the 
cost of both processes.  
To further discussion in utilizing wastewater streams, the potential viability of three different 
waste water streams for microalgae growth are assessed through a series of experiments with municipal 
wastewater, food waste, and landfill leachate, with the end goal of exploring a possible merger between 
waste water treatment and energy production, making both more profitable and environmentally sound.  
 
2. BACKGROUND 
 
2.1 Wastewater 
Microalgae harvested from wastewater mitigation could be used to produce not only biofuel, through 
lipid extraction, but also other feedstocks for anaerobic digestion, fermentations to bioethanol, and high 
temperature conversions to form bio-crude oil (Park et al., 2011), as well as have the potential of 
offsetting some GHG emissions (Craggs et. al, 2012). Currently, left-over activated sludge from typical 
oxidation ponds can be used for anaerobic digestion, but is a relatively poor feedstock and often requires 
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the addition of other nutrients to create a good methane stream (Appels et. al, 2008). The sludge that isn’t 
digested is shipped to a landfill, a process that can become costly for larger plants.  
 When using a wastewater stream for microalgae growth, there are two basic goals that need to be 
achieved in order for the process to be viable, although not necessarily profitable. First, the media needs 
to be able to support the growth of microalgae. Second, the growth of microalgae needs to treat the waste 
water. Creating profit from this relationship may only require the treatment of the waste stream; however, 
the true purpose is to make both the treatment of the water and the growth of the microalgae profitable.  
Because every waste stream has different characteristics (and therefore different treatment 
procedures), a characterization of each waste stream is necessary in order to understand how microalgae 
and waste water treatment can be combined. Below are brief descriptions of the three waste streams of 
interest (municipal wastewater, food waste, and leachate), including methods and limitations of current 
treatment procedures and goals for microalgae treatment.   
 
2.2 Municipal wastewater treatment 
Municipal wastewater treatment can be broken into four treatment groups; (1) removal of solids, 
(2) reduction of nutrients (ammonia, nitrate, and phosphate), (3) reduction of Biological Oxygen Demand 
(BOD), (4) and removal of pathogenic bacteria. These criteria are met through a number of processes in 
current waste treatment systems. Primary clarifiers allow for the settling of large particles and create slow 
moving water where smaller suspended particles drop out. Deep oxidation ponds equipped with large 
aeration devices utilize bacteria to break down organic compounds and denitrify the water. The biomass 
created as a result of this process is called activated sludge. While some is used to inoculate future 
batches, the excess has to be disposed of. Chemical additions in secondary clarifiers are used to 
precipitate phosphate and chlorine injection removes harmful bacteria.  
According to a published survey by the USGS, The Quality of our Nation’s Water, background 
levels of total nitrogen in streams is around 1 mg/L, ammonia is 0.1 mg/L, and total phosphorus is 0.1 
mg/L. Current treatment plants cannot match these levels and so add nutrients to our waterways. 
Problems with excess eutrophication are leading to increased regulatory pressure to improve nutrient 
removal in treatment plants. To meet more stringent regulations, treatment plants must raise their 
chemical use and retention times, drastically increasing treatment costs (Powell et al., in press). However, 
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some new reduction limits on ammonia, nitrate, and phosphate are not achievable with current systems, 
creating a potential market niche for microalgae treatment of wastewater.    
Biofuel production through microalgal biomass accumulation during wastewater mitigation was 
originally proposed by Oswald and Golueke (1960).  Microalgae utilize the nutrients (nitrate, phosphate, 
and ammonia) found in wastewater for growth and have the potential to provide improved and more 
consistent wastewater treatment than oxidation ponds (Craggs et. al, 1998, 2003, 2011). During 
microalgal growth, concentrations of carbonic acid are reduced due to an equilibrium reaction with the 
dissolved CO2 taken up by the microalgae. This creates a pH spike upwards of 10-11 (Oswald, 1988) and 
kills the pathogenic bacteria present (Hu et al., 1998).   
A high daytime pH is important to kill bacteria, but its effects on culture growth are varying. pH 
values above 8.5 have been shown to drastically reduce the rate of biomass formation of both bacteria and 
microalgae, but can be beneficial in waste streams high in ammonia due to off gassing. By providing 
supplemental CO2 during daytime growth, carbon limitations can be mitigated and pH can be controlled 
(Craggs et. al, 2012).  
Microalgae have also been shown to effectively reduce BOD levels (Cunningham et al., 2010). 
This is likely enhanced due to a symbiotic relationship formed between the microalgae and aerobic 
heterotrophic bacteria. The microalgae supersaturate the water with dissolved oxygen up to 400% (Lee et 
al., 2003), stimulating the growth of aerobic heterotrophs that oxidize biodegradable, dissolved, and 
particulate organic matter (Craggs et. al, 2012).  This relationship has the potential to save energy in 
aeration costs associated with current oxidation ponds. The byproduct of the aerobic bacteria’s 
metabolism, CO2, is then used by the microalgae and increases growth rates.  It is also possible that the 
microalgae themselves are acting heterotrophically at night to contribute directly to the decrease in BOD. 
Through this process, microalgae have the potential to treat wastewater with the same or better 
level of success as a typical wastewater treatment plant, but without the use of chemicals and heavy 
aeration, greatly reducing the cost. Unfortunately, due to the necessity of shallow growth ponds for light 
penetration, approximately 50 times more land use is necessary for microalgal growth than for oxidations 
ponds. However, capital costs for construction are less than half and operational costs are less than one 
fifth those of activated sludge systems (Parks et al., 2011).   
 While some may worry about the increase in land use for wastewater treatment, land used by this 
process satisfies the need for two industries, wastewater treatment and biofuel/energy production. The 
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land use in this application is smaller than if these processes were preformed separately and is much less 
than what is required for biofuel production from crops such as soy and corn.  
 
2.2.1 Municipal Wastewater Experiment Goals 
Eric Lannan, a recent graduate of RIT, has conducted preliminary work growing microalgae in 
100 gallon batches on wastewater from the primary clarifier at the Frank E VanLare waste treatment plant 
(Lannan, 2011). The work presented below is a continuation of Eric’s scale up procedure with two main 
objectives to further demonstrate the viability of wastewater treatment through algae mitigation.  
1) To show combined nutrient removal and microalgae growth in an outdoor 1000 gallon tank.  
2) To test a semi-continuous batch system that would allow for partial draining of treated water 
and re-inoculate of new untreated water from previous batches; determining the period of 
culture stability and removing the need to prepare a new seed culture every week. 
The first goal has two features which are unique from Eric’s original work. First, we will move 
algae production from a lab experiment to an outdoor tank exposed to environmental contamination and 
stress. Second, a tenfold increase in scale, from 60 gallons to 600 gallons of treated water, is done. 
The second goal focuses on making microalgae mitigation of wastewater economically viable by 
attempting to remove the need for re-inoculate of microalgae ponds prior to every new batch. The semi-
continuous batch system allows for the settled algae in the previous run to re-inoculate the new 
wastewater added.  This process cannot continue indefinitely, as eventually the culture will become 
contaminated, but the goal is to determine how many cycles can run before the culture becomes 
compromised.  
 
 
 
2.3 Food waste 
Food waste, the wastewater from food production, usually has a very high BOD (1000- 20,000 
mg/L), and a problem for wastewater treatment plants around lake Ontario who cannot exceed emission 
limits greater than 20 mg/L in a five day span (EPA), and a further problem for natural water sources 
which typically do not exceed a BOD value of 2 mg/L (NOAA). Food waste is typically shipped to 
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treatment plants, either through sewer systems or by truck. Treatment plants must dilute high BOD waste 
many times before their systems can effectively handle treat the waste stream. High levels of BOD (>300 
mg/L) interfere with the culture’s ability to remove nitrate and ammonia from the wastewater. Due to a 
lack of sufficient storage tanks for this effluent, food waste often puts wastewater treatment plants out of 
compliance and results in large fines for both the food companies and the treatment plants.  
This issue has the potential to be mitigated in a microalgae based treatment system, offering a 
possible niche opportunity for treating food waste. Because organic removal and nutrient removal are 
separate process in a microalgal based treatment scheme, the effect on denitrification that the high BOD 
levels have is not felt, theoretically eliminating the need for large dilutions of wastewater due to high 
BOD levels. 
Potential for treating food waste water can fall into two categories; pretreatment and final 
treatment. In a pretreatment scheme, food waste may be treated at the plant where it is produced. Here, 
the goal is to reduce BOD levels to be compliant with its local municipal wastewater treatment plant. This 
saves the company money in surcharges from the treatment facilities. In a final treatment process, it is the 
waste treatment plant that utilizes the microalgae. Here, the microalgae based system may increase the 
plants tolerance of high BOD and reduce the need for large holding containers. This increased resilience 
reduces the potential of a failed activated sludge culture, which may take months to reclaim.  
 
2.3.1 Food Waste Water Treatment Goals 
We will approach the problem from a pretreatment prospective creating the following goals: 
1) To grow algae in a high BOD wastewater 
2) To reduce the BOD in a microalgal based waste water treatment using a 100 gallon tank. 
With limited experience and lack of literature backing, we need to show that algae will grow in 
food waste. This will be conducted at the lab scale to optimize the processes before moving the setup to 
the 100 gallon tank.  
The hundred gallon tank will be used to simulate an actual on-site pre-treatment tank. The tank 
will be filled with a high BOD waste water with the goal to use microalgae to reduce the BOD to <300 
mg/l for final processing at the treatment plants.  
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2.4 Leachate 
Leachate, the collected ground water that has passed through a landfill, is a cocktail of different 
compounds which makes it very difficult to treat. Depending on the landfill, leachate waste may contain 
high levels of pesticides, heavy metals, nutrients, or other environmentally hazardous chemicals. The 
contents of landfill leachate are continuously monitored and these contents place large restrictions on how 
the leachate can be disposed. Some have to be treated on site or shipped by truck to local wastewater 
treatment plants, where, like food waste, leachate has to be slowly released so as to not over stress the 
plant.  
Nutrient ratios in leachate are typically very different than seen in most residential wastewater. High 
ammonia loads are a major concern, particularly in older landfills. Like food waste, a pretreatment system 
can be applied where ammonia concentrations are reduced to acceptable loads or a final wastewater 
treatment system using microalgae can be proposed. Microalgae can be used as a final treatment process, 
providing a more robust system, as microalgae are better equipped to utilize high levels of nutrients for 
growth. 
 
2.4.1 Leachate Water Treatment Goals 
Because leachate is typically already stored on site, a pretreatment approach was again taken for the 
landfill leachate resulting in the following goals: 
1) To grow microalgae in 100 gallon outdoor tanks filled with leachate 
2) To reduce high nutrient loads while growing algae 
 
Like food waste, no peer-reviewed literature was found describing the growth of algae on landfill 
leachate, so as a first step it needs to be shown that leachate can serve as a viable media for microalgal 
growth. The tanks are positioned outdoors as leachate is typically stored in large outdoor lagoons and the 
volume of leachate often found at landfills is not practical for indoor treatment.  
The second objective is to show a reduction in nutrient loads during the growth of the microalgae 
to demonstrate pretreatment. Nutrient level reductions to <100 mg/l (as nominally seen in wastewater 
treatment facilities) are optimal.  
 
3.  MATERIALS AND METHODS 
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3.1 Materials 
3.1.1 Algae Species 
Three species of algae were used in preliminary experiments for each growth medium (wastewater, 
leachate, food waste) to determine optimum growth rates. These species, Chlamydomonas sp., Chlorella 
sp., and Scenedesmus sp., were chosen due to extensive use documented in literature as well as their 
ability to accumulate high concentrations of lipids and their relative ease of growth (Lannan, 2011). The 
algae species were purchased from Ward’s Natural Science, Rochester, NY.  
 
3.1.2 Spectrophotometer 
An Ultrospec 2000 UV/Visible spectrophotometer manufactured by Pharmacia Biotech was used to 
measure the optical density of the algae cultures. Optical density (OD) measurements at 680 nm 
correspond to the growth rate of the algae.  A higher OD indicates larger concentrations of algae in a 
sample.  
 From OD measurements the growth rate of the algae can be calculated using the exponential 
growth equation (Wang et al., 2010; Converti et al., 2009): 
  
               
 
 
Where, the growth rate µ is a measure of the optical density at time 0 and the optical density at some 
time measured in days.  
 
 
 
3.1.3 Nutrient Test Kits 
Nutrient tests measuring concentrations of ammonia nitrogen (NH3 – N), nitrate (NO3-N), and 
phosphate (PO4) were conducted on all lab scale experiments as well as the 100 and 1000 gallon Webster 
experiments and the 100 gallon Ontario landfill experiments. Pocket Colorimetric II test kits from the 
Hach Company in Loveland, CO. were used to measure nutrient concentrations (Figure 3.1). One kit was 
used for each nutrient type, containing all the necessary equipment needed for measurement; flasks and 
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vials, prepackaged reactants, instructions for use, and handheld spectrophotometer. The kits, designed for 
field use, are all EPA approved for testing wastewater. 
 
Figure 3.1: Pocket Colorimetric II test kit 
 
3.1.4 pH probe 
pH was monitored during algae growth using a pH meter from IQ Scientific Instrument. Specific pH 
meter directions were followed for pH calibration. pH 7.00 and pH 10.00 calibration buffer was used 
prior to readings.  
 
3.1.5 Pump 
For draining the 100 gallon tanks, a small 3gpm self-priming pump was used, a Shurflo Positive 
Displacement 3-Chamber diaphragm Pump, model number 2088-394-144. The Shurflo pump was useful 
as it could be run dry without damage and it could handle viscous waters containing particulates, which 
was common in the microalgae rich cultures.  
 
3.1.6 Lab Centrifuge 
An IEC Clinical Centrifuge from International Equipment Company in Needham Heights, MA was 
used to centrifuge 50 ml samples collected from100 and 1000 gallon experiments. All samples were 
centrifuged at the max speed of 3500rpm for 10 min.  
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3.1.7 Dissolved Oxygen Probe 
Dissolved oxygen measurements were taken with a Hach HQ40d® portable meter with an IntelliCAL 
LBOD101 probe also from the Hach Company. The LBOD101 is a digital luminescent dissolved oxygen 
sensor with a replaceable integrated stirring system.  
 
3.1.8 100 Gallon Algae Tanks 
Previous testing of wastewater completed by Eric Lannan (2010), indoor pilot runs on the Webster 
wastewater, as well as the food waste experiment and the outdoor leachate experiments were preformed in 
simple 100 gallon tanks. The tanks were built from 2x4s and plywood, and lined with 6 mil opaque 
plastic sheeting (Figure 3.2). A 7’ x4’ frame was built using pressure treated wood so the tanks could be 
used both indoors and outdoors. 4x4 boards were used as corner supports and were attached using L 
brackets. The sides and bottom were constructed from square sheet of 0.5” plywood and attached using 
wood screws. The opaque plastic sheeting, used to water proof the tank and reflect light, was cut to size 
and attached using 8-10 clamps along the edges. A list of materials is shown in Table 3.1, all material for 
100 gallon tanks were purchased form Lowes. 
 
Figure 3.2: Building 100 gallon tanks.  
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Table 3.1 list the parts required to build a single 100 gallon tank. 
Item Quantity 
4”x4” x8’ pressure treated lumber 1 
2”x4” x8’ pressure treated lumber 6 
L-brackets 16 
Wood screws (100pk) 1 
Plastic Sheeting white 6 mil (100’x 12’) 1 
Pressure treated plywood sheets (4’ x8’) 2 
Clamps 10 
 
Three tanks were built in all, two for outdoor use and one with a light system attached for indoor 
use (Figure 3.3).The light system utilized a PVC frame that held 16 T-12 40 watt cool light housing (32 
bulbs) which could be raised and lowered to change light intensity. Six 1.5” holes were drilled in the 
frame, one in each corner and 2 in the middle of the tank, for insertion of 1.25” PVC tubes. These tubes 
are 18’ long and have a number of small holes drilled into them for lighting adjustment. The top of the 
light system was built out of 1” PVC which slide into the 1.25” PVC posts. The legs of the lighting 
structure also had small holes drilled into them corresponding with the holes in the PVC posts to create 
significantly different light intensities.  #6  1.5” bolts were inserted into these holes to adjust the height of 
the lighting structure by up to 8”.  The top of the structure was built entirely of 1” PVC and was 
connected using 6 T’s and 4 corners. A middle support was added to create a two square grid pattern 
which held to the lights. For both odor control and light reflection, 6 mil plastic sheeting was placed over 
top of the structure. For indoor experiments outlined below, light housing was lowered to provide the 
highest level of lighting 42 W/m
2 
and were set on a 16:8 on:off cycle to simulate day and night.  
 
Figure 3.3: 100 gallon experimental tank established at EET. 
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Table 3.2: list the parts required to assemble a light housing over the 100 gallon tank. 
Item Quantity 
1” x10’ PVC pipe sh. 40 4 
1.25” X10’ PVC pipe sh. 40 1 
1” PVC tee 6 
1” PVC corner 4 
Light fixtures 16 
40W cool white fluorescent bulbs (10pk) 4 
Power strip 3 
24hr Timer 1 
 
3.1.9 Aeration systems 
Aeration is used to increase algae growth rate by increasing dissolved CO2 levels in growth media. 
During growth, algae utilize dissolved CO2 as a carbon source, causing a rise in media pH. By 
supplementing with air, the effects of limited CO2 are reduced. Two different aeration systems were used 
during the course of the experiment.  
Ecoplus flexible aeration diffusers from Sunset Hydroponics, Victor NY, were used for the 100 
gallon Webster batches and the 1000 gallon Webster batches. Air compressors linked to a manifold 
system than connected to the flexible aeration diffusers through 1/8 inch tubing.  
The high pH experienced during algae growth began to breakdown the glue connecting the diffusers 
to the nipples connecting to the tubing. To deal with this issue, new diffusers were made from cPVC in 
the lab (Figure 3.4). The cPVC diffusers were constructed to fit into a 7’ x4’ 100 gallon tank with three 
7’f lengths with small holes drilled in them to deliver the air. cPVC glue was used to connect the three 7’ 
lengths to a cPVC manifold that ended in a 0.25” nipple to connect to the air compressors.  
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Figure 3.4: The cPVC diffuser design used for the two 100 gallon Bakewise experiments and for the three 
100 gallon leachate experiments.  
 
 
3.1.10 1000 Gallon Berm 
 
A 1000 gallon berm, purchased from Interstate Products, Inc. Sarasota, FL, was used for the 1000 
gallon runs in Webster and also as a catchment for the 100 gallon runs at the Ontario landfill. The berm is 
made of a thick fabric material that can be easily folded and transported site to site. For structure, a 
number of aluminum Tees slide into pockets along the sides and bottom of the tank (Figure 3.4). Like the 
100 gallon tanks, the 1000 gallon berm was lined with opaque 6 mil plastic sheeting to increase light 
reflection at the bottom of the tank.  
 
3.2 Procedures 
3.2.1 Lab Scale Experiment 
All lab scale experiments were provided 17 W/m
2
 of illumination on 16:8 light dark cycle. Algae 
growth occurred at room temperature and was provided 25LPM of aeration.  
 
3.2.2 Indoor 100 Gallon Experiments 
All indoor 100 gallon experiments were conducted at EET and run with 42 W/m
2
 of light illumination 
on a 16:8 light cycles. 42 W/m
2
 of light illumination is the highest level of illumination the indoor 100 
gallon tank could create, and was used in all experiments to optimize algae growth. No heaters were used 
in indoor 100 gallon experiments, so algae were grown at room temperature. In the three 100 gallon 
Webster waste water test runs, 180 LPM of aeration was provided in the aeration system designed by Eric 
Lannan (2011).  New aeration diffusers (as described above) were used during the 100 gallon Bakewise 
experiments; however, they still provided 180 LPM of aeration.  
 
3.2.3 100 and 1000 Gallon Outdoor Experiments 
Three 100 gallon leachate experiments and two 1000 gallon municipal wastewater experiments were 
conducted outside. These were subject to light, temperature, and other weather conditions (rain, wind, ect) 
that occurred during their growth period.  
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3.2.4 Scale-up Procedure 
When growing algae in open ponds, a large initial inoculation density of algae is necessary so that 
competition with unwanted strains is limited. A 1:10 ratio of algae to new media was used during 
experimentation. 100 gallon tanks filled with 55 gallons of wastewater for treatment were inoculated with 
5 gallons of dense algae culture. The 1000 gallon berm filled with 550 gallons of municipal wastewater 
was inoculated with 50 gallons of dense algae culture. 
In order to achieve this, a series of scale up growth chambers were necessary for every new 
experiment. All inoculations started at the bench scale in the lab. RIT lab space was used to set up a light 
system designed by Eric Lannan (2011) to grow inoculation cultures. Two more light housings, with four 
more bulbs, were added to Eric’s design to boost light intensities and speed up growth. Lights were run 
on a daily 16:8 on:off cycle and provided 17.0 W/m
2
 of light to the algae.  
Microalgae were grown in a 1 L flask for three days for inoculation into three 2.8 L glass fernbachs. 
Two aeration stones were added to each flask, powered by a single 25 LPM air compressor. After three 
days of growth, cultures were transferred to three 10 Liter HDPE containers containing aerated with two 
flexible aeration stones powered by a single 25 LPM air compressor for three days.  The resulting 18L 
(4.75 gallons) of microalgae culture was then transferred to the hundred gallon tank for inoculation. For 
leachate experiments, microalgae were transported to the Ontario landfill. For food waste experiments 
and wastewater experiments, the microalgae were transported to EET’s facility.  
The 1000 gallon runs at Webster required one more scale up to produce 50 gallons of algae. This 
was achieved by filling the 100 gallon tank at EET with 45 gallons of municipal wastewater and 
inoculating with 5 gallons of algae. Microalgae were grown on a 16:8 on:off cycle for three days exposed 
to 42W/m
2
 light intensity. Figure 3.5 illustrates the scale up process.  
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Figure 3.5: Illustration of the scale up procedure for both the 100 gallon tanks and the 1000 gallon tanks.  
Using the Shurflo pump, algae was transferred from the 100 gallon tank at EET into ten 5 gallon 
buckets and transported to the 1000 gallons tank in Webster for inoculation.   
 
3.2.5 Sampling Procedure 
In lab scale experiments, 5 ml samples were removed every two days for optical density 
measurements in the spectrophotometer. A small sample size is critical in lab scale tests so as to not 
remove a significant portion of the running experiment during the sampling period.  
In 100 gallon and 1000 gallon experiments, 50 ml samples were taken for additional nutrient 
analysis. When optical density measurements were taken, a 5 ml subsample was taken for measurement 
with a spectrophotometer. The remaining was centrifuged at 3,500 rpm for 10 min to remove algae and 
other particulates which would interfere with the colorimetric nutrient test kits.  
3.2.6 BOD5 Procedure 
Samples obtained 100 gallon indoor Bakewise experiments were tested for BOD5. BOD5 stands for a 
5 day incubation period, which is the minimum time required for complete biological growth. BOD water 
was made using distilled water and prepackaged kits provided by Hach Company, Loveland CO. Aeration 
stones were placed in BOD water and 25LPM air was pumped into the solution for 2 hours or until fully 
Light Light Light 
Scale up procedure 
100 Gallon Experiment 
1000 Gallon Experiment 
100 Gallon Tank 
10 L Tanks 2.8 L Flask 
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saturated with oxygen. 300 ml BOD bottles were used to make three dilutions of each sample based on 
estimated BOD range (Table 3.3). 
Table 3.3: Sample size for 300 ml BOD bottles corresponding to BOD level 
Estimated BOD5 
(mg/L) 
Suggested Sample 
Volumes (mL) 
 Estimated BOD5 
(mg/L) 
Suggested Sample 
Volumes (mL) 
<  5 200, 250, 300  90 -  150 5, 10, 15 
< 10 100, 150, 200  150 -  300 3, 5, 10 
10 -   30 25, 50, 100  300 -  700 1, 3, 5 
30 -   60 15, 25, 50  700 - 1500 0.5, 1, 3 
60 -   90 10, 15, 25  1500 - 2500 0.25, 0.5, 1 
 
After the sample was added to the BOD bottles, the remaining volume was filled with the 
prepared BOD water. Dissolved oxygen levels were measured using a digital dissolved oxygen probe and 
bottles were placed in a 20 +/- 1 
0
C incubator for five days, after which the dissolved oxygen levels were 
measured again. A sample was removed if there was not at least a 2 mg/l change in dissolved oxygen or if 
there wasn’t at least 1 mg/l dissolved oxygen left in the BOD bottle, as these indicate that the actual BOD 
level falls outside the range of that dilution (Eaton, 2012). Three different dilutions were made on each 
test day in order to find the appropriate BOD range of the sample. The following equations were used to 
determine BOD levels. 
                 
                     
             
 
                                  
 
3.3 Site Descriptions 
3.3.1 Environmental Energy Technology (EET) 
EET was established in 2004 in order to develop technologies that address the major issues of 
pollution control and energy conservation (Figure 3.6). Working in collaboration with Dr. Ali Ogut, the  
CTO of EET and a professor of mechanical engineering at RIT, a 100 gallon tank with a lighting structure 
has been establish in the building located at 1800 Brighton-Henrietta Town Line Road, Rochester, NY. It 
is here that the Webster pilot scale runs and food waste treatment was tested.  
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Figure 3.6: Environmental Energy Technologies, inc. logo. 
 
3.3.2 Webster Town Treatment Facility 
 Residential wastewater was collected and tested from the Webster town treatment facility 
at 226 Phillips Rd, Webster, NY. The plant is permitted to treat 7.5 million gallons a day for discharge 
into Lake Ontario. On average the plant treats 2.5 million gallons daily received from the town of 
Webster. The plant uses the activated sludge secondary treatment capable of producing effluent that 
exceeds State and Federal requirements.  There are three digesters which allow for the conversion of 
sludge to water and methane used to fuel the boiler in the sludge process. Treated effluent receives a 
chlorine injection before reaching Lake Ontario (Welcome to an Engaged Community, 
www.ci.webster.ny.us).Waste collected from the primary clarifier was transported to EET for 100 gallon 
indoor pilot tests while the two 1000 gallon experiments were conducted on site.  
  
3.3.3 Northern Soy Tofu Company 
 Northern Soy is located at 345 Paul Road, Rochester, NY 14624. They produce organic tofu 
under the brand name SOYBOY. An unwanted product of the tofu making process is a waste stream with 
a high BOD that must be transported to their local waste treatment facility. Waste was collected from the 
plant and returned to RIT for lab scale testing.  
 
3.3.4 Bakewise Bagel Company 
Food waste was collected from a local bagel producer called Bakewise Brands (originally 
Fleischer's Bagels) located at 1688 North Wayneport Road – Macedon, New York 14502-8765. Waste 
water rich in carbohydrates and phosphates produced during bagel production was collected for possible 
algae treatment.  All Bakewise waste was collected on site and transported back to RIT for lab scale 
experiments and to EET for 100 gallon indoor experiments.  
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3.3.5 Ontario County Landfill 
Leachate collected from the Ontario county landfill (1879 New York 5, Stanley, NY) was treated 
with algae in series of 100 gallon batches. Ontario country landfill is an older landfill with a low presence 
of toxic compounds. However, transportation of leachate offsite is prohibited without DEC permitting, so 
algae treatment was conducted on-site in outdoor tanks. Currently, leachate is transported to the 
Canandaigua and Geneva waste treatment plant for processing.  All leachate experiments were preformed 
on site as we were only allowed to transfer samples off site.  
3.4 Experiments 
3.4.1 Municipal Wastewater 
  3.4.1.1 100 Gallon Indoor Pilot Experiment 
Eric Lannan  (2011) provided preliminary experiments growing algae in lab scale and 100 gallon 
batches on wastewater from the Frank E. VanLare water treatment plant. We also were in talks with the 
town of Webster wastewater treatment facility and after approval from the wastewater treatment plant and 
the town of Webster, a 1000 gallon berm was setup on-site.  
Before 1000 gallon runs could be conducted, algae growth on the Webster wastewater needed to 
be documented and an algae species needed to be picked for 1000 gallon tests. Three 100 gallon tests 
were conducted at EET growing Scenedesmus, Chlorella, and Chlamydomonas on wastewater collected 
from the primary clarifier. In each run, 10 gallons of algae species were added to 50 gallons of 
wastewater.180 LPM aeration was provided using flexible aeration stones, and illuminated with 42 W/m
2
 
of light. Cultures were allowed to grow for 10 days, during which, nitrate, ammonia, phosphate, and pH 
were monitored.  
Strains were compared for nutrient removal ability and auto-flocculation tendency. In terms of 
nutrient removal ability, all species were comparable, however, Scenedesmus auto-flocculation capacity 
was observed to be faster than the other species. For this reason, Scenedesmus was chosen as the strain 
that would be used for large scale wastewater treatment.  
3.4.1.2 1000 Gallon Outdoor Semi-Continuous Batch Experiment 
During the summer of 2011 a 1000 gallon outdoor berm (10ft x10ft x 18 in) was setup at the 
Webster wastewater treatment plant (Figure 3.7). 
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Figure 3.7: The 1000 gallon berm established at the Webster waste treatment plant during the summer of 
                  2011.  
 
The tank was lined with 6 mil opaque plastic sheeting and fitted with one 110 and two 70 L/min 
Hyrdrofarm air pumps.  These were connected to two 6 slot and one 8 slot manifolds attached to 18 4’ 
flexible aeration diffusers. The first 18 flexible aeration diffusers had male ends on both sides allowing 
for a second row of 18 4’ flexible aeration stones creating a total of 36 flexible aeration diffusers power 
by 250 L/min of air (Figure 3.8).  
 
Figure 3.8: The lined 1000 gallon berm with 36 flexible aeration stones. 
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Two experiments were conducted at the Webster treatment facility, one lasting 27 days and the 
second lasting 39 days. Before starting the second experiment, an additional 110 and 70 LPM aerator was 
added to the opposite side of the tank creating a total of 430 LPM of aeration. New diffusers were added 
so that both sides of aerators could be attached. The diffusers placed in the corners were removed and 
added to the middle of the tank.  The experiments conducted at Webster tested the viability of a semi-
continuous batch scheme for treating wastewater in terms of nutrient removal rates and continuous 
survival of the algae species. A semi-continuous batch system involves partial draining and refilling of the 
tank. A fully continuous batch system would have a constant input of waste and output of effluent, 
whereas a non-continuous batch system would fully drain and refill the tank with new inoculums each 
time.  
During the first experiment, 550 gallons of wastewater and 60 gallons Scenedesmus were added 
to the 1000 gallon tank and allowed to grow for 7 days. After day 7 the tank was half drained and refilled 
with fresh wastewater. The algae were allowed to grow for an additional 10 days before the tank was half 
drained again and refilled with fresh wastewater. A final 10 days of growth marked the end of the first 
experiment. During the course of the experiment nutrient concentrations, algae density, pH, and weather 
conditions were monitored. 
Experiment two was set up the same as the first; 550 gallons of wastewater inoculated with a 
fresh 60 gallon batch of Scenedesmus. For the first 23 days the tank was half drained every 4-7 days, 
depending on nutrient levels, and consisted of 5 fill-drain cycles. The final two cycles lasting the 
remaining 16 days consisted of a 70% drain and refill of the tank, allowing for a greater volume of 
wastewater to be treated. On the last run the algae began turning brown and nutrient drops were not as 
expected so the tank was shut down.  
 
3.4.2 Food waste 
Food waste collected from both Northern Soy tofu plant and the Bakewise bagel companies were 
treated with microalgae with the goal of establishing a pre-plant treatment procedure. The food waste 
sources were unique in composition and also unique is treatment difficulties.  
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3.4.2.1 Lab Scale Northern Soy Experiment 
A nutrient analysis was performed on the Northern Soy waste water to determine if it contained 
the appropriate nutrients for algae growth. Scenedesmus, Chlorella, and Chlamydomonas were grown in 
2.8 liter flasks containing 60 ml of Northern Soy waste, 50 ml of algae inoculation, and 540 ml of 
wastewater.  A large dilution of wastewater was needed to control foaming of food waste during aeration 
of algae. Illumination of 17 W/m
2
 was provided on a 16:8 light dark cycle, and culture densities were 
monitored over 5 days to compare growth.  
Algae growth was shown, however, the large dilution required as a result of the foaming and 
turbidity created a need for large growth tanks to treat the food waste. Because of this and other 
complications, a different food waste with less foaming tendencies was sought to continue testing.  
 
3.4.2.2 Lab Scale Bakewise Pilot Experiments 
A nutrient analysis was performed on the Bakewise food waste to determine if it contained 
appropriate nutrient concentrations for algae growth. These tests showed a low level of nitrogen, which 
lead to the possible need for nitrate additions.  
 Preliminary lab scale tests were performed in which three algae species (Scenedesmus, Chlorella, 
and Chlamydomonas) were tested in lab for best growth on Bakewise media. Using 2.8 liter flasks, 900 
ml of wastewater was mixed with 300 ml of Bakewise and 50 ml of algae culture. A fourfold wastewater 
dilution was still necessary due to foaming and turbidity of the pure Bakewise sample.  Aeration was 
provided and growth was monitored using optical density measurements during a seven day period.  
The test was repeated with additions of 0.5 g /L sodium nitrate to determine if growth could be 
stimulated. Optical density was monitored during the six day growth period. The results were positive, so 
a follow up experiment was performed in which different types of nitrogen sources were tested. Using the 
same initial conditions, three side by side flasks were prepared using 0.5 g/L of sodium nitrate, 
ammonium sulfate, or ammonium chloride.  
A final lab scale experiment was performed in which different concentrations of ammonium 
sulfate were tested. Five flasks were prepared as described above with the addition of either 0 g/L, 0.25 
g/L, 0.5 g/L, 1 g/L, or 1.5g/L ammonium sulfate. Growth was monitored over a 7 day period using optical 
density.  
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3.4.2.3 100 Gallon Indoor Bakewise Experiments 
In the 100 gallon tank at EET, 24 gallons of Bakewise media, 55 gallons of wastewater, 10 
gallons of Chlorella culture, and 120 grams of ammonium sulfate were combined to create the growth 
media. BOD5 was measured during the 12 day growth period, however, a failure in one of the air pumps 
led to poor growth, so the experiment was repeated a second time with the same conditions as the first.   
 
3.4.3 Leachate 
  3.4.3.1 100 Gallon Outdoor Experiments 
Two 100 gallon outdoor tanks were set up on site at the Ontario country landfill during the 
summer months of 2012, and were placed into a 1000 gallon catchment berm to prevent any spills from 
leaving the site. Untreated leachate was brought to the site by truck, and treated effluent was likewise 
collected by truck for proper disposal (Figure 3.9). 
 
Figure 3.9: The Ontario county landfill and the two 100 gallon tanks set up inside an encatchment berm.  
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The cPVC diffusers were used and two 70 LPM air pumps and one 110 LPM air pump provided 
aeration for the tanks. A manifold system was used to provide equal air flow to both tanks. 
Two 16 day runs and a single 14 day run were performed during the summer in which 
Scenedesmus, Chlorella, and Chlamydomonas were grown on the leachate from the landfill. Each run 
consisted of two side by side 100 gallon tanks, so effectively 6 experiments were performed during the 
summer.  
In the first run, 60 gallons of leachate were added to each tank which was than inoculated with 10 
gallons of Scenedesmus or 10 gallons of Chlorella. The experiment lasted 16 days, during which samples 
were regularly taken for nutrient tests.  
 The second run was set up the same way as the first; however, 10 gallons of Chlamydomonas 
were used as the algae inoculation and an addition 10 gallons of leachate were added to the second tank to 
create a control.  The experiment lasted 16 days, during which samples were regularly taken for nutrient 
tests.  
Due to the dark color of the leachate, a final run was performed using a 50:50 dilution of leachate 
and runoff collected on site. One tank was filled with 30 gallon of leachate and 30 gallons of runoff to 
serve as a control, the second tank was filled with 35 gallons of leachate, 25 gallons of runoff and 10 
gallons of a Scenedesmus inoculation. The experiment lasted 14 days, during which samples were 
regularly taken for nutrient tests.  
 
4. RESULTS: 
 
4.1 Municipal Wastewater 
 4.1.1 100 Gallon Indoor Pilot Experiment 
 Three 100 gallon indoor test batch was run in order to determine if the three microalgae strains, 
Chlorella, Chlamydomonas, and Scenedesmus, could grow on the Webster wastewater (as opposed to the 
Frank E VanLare wastewater used previously), and to determine which strain should be selected for 
outdoor growth in the 1000 gallon berm. Nutrient levels in growth media were monitored as a measure of 
treatment success and microalgae growth (Figure 4.1-4.3). 
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Figure 4.1: Ammonia changes during 100 gallon indoor growth on Webster wastewater. 
 
 
Figure 4.2: Nitrate changes during 100 gallon indoor growth on Webster wastewater. 
 
 
Figure 4.3: Phosphate changes during 100 gallon indoor growth on Webster wastewater. 
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All three strains showed ample growth on the Webster wastewater. Though nutrient levels were 
not the same at the start of the experiment, due to natural fluctuations in the wastewater, by day 4 all algae 
strains had significantly reduced nutrient loads. Because each strain seemed equally viable in terms of 
growth and nutrient removal, Scenedesmus was chosen for the 1000 gallon outdoor run as it demonstrated 
good auto-flocculation capabilities, observed as complete to nearly complete settling at the end of the 11 
day experiment.     
 
4.1.2 1000 Gallon Outdoor Semi-Continuous Batch Experiment 
The 1000 gallon runs at the Webster treatment facility were designed as a proof of concept for a 
semi-continuous batch system that utilizes the microalgae from a previous run to inoculate the future run. 
This type of design eliminates the need for frequent preparation of scale up cultures used for inoculation. 
The semi-continuous batch runs were broken into two separate experiments, one lasting 27 days and 3 
cycles, the second lasting 39 days and 7 cycles. This system was to be preliminary work for a similar 
system proposed for use in Haiti, where wastewater treatment is limited or non-existent. Such a system 
would be easy to maintain and very cheap to setup and run.   
The first 1000 gallon run was inoculated using the microalgae Scenedesmus as described in the 
scale-up procedures. On day 3 a 100% reduction in Nitrate, an 82 % reduction in ammonia and an 88 % 
reduction in phosphate was observed. By day 7 only ammonia was still measurable in the treated water, 
but showed a 99% reduction. Figures 4.4 shows the culture growth during the first run.  
Figure 4.4: The change in culture appearance during the first 1000 gallon run. 
Nutrient concentrations for the first 3 samples of the first cycles can be seen in Table 4.1. At the 
start of the first run nitrate levels were initially quite low and not in need of much treatment. Ammonia 
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and phosphate levels were relatively much higher and a larger treatment concern. This trend continued 
throughout the all runs while in Webster and is a reflection of the incoming wastewater to the facility. 
Table 4.1: Relative nutrient concentration reductions during a 7 day growth period in 
first of three semi-continuous batch cycles grown in the 1000 gallon berm. 
Nutrients 
Initial 
concentrations 
% Reduction Day 3 % Reduction Day 5 % Reduction Day 7 
NH3 79.3 mg/L % 82.2 % 97.0 % 99.9 
NO3 1.8 mg/L % 100.0 % 100.0 % 100.0 
PO4 11.5 mg/L % 87.8 % 93.5 % 100.0 
 
On day 7 of the first run, the tank was drained 50% and refilled with new wastewater from the 
primary clarifier. Nutrient concentrations were taken on days 2, 4, 7, and 9. Nutrients  dropped rapidly 
again, showing 64% reduction in ammonia, 100 % reduction in Nitrate and, 61 % reduction in Phosphate 
by day 2. By day 7 above 95% reduction was seen in all nutrient levels leaving little room for change 
through day nine. Nutrient levels reductions are shown in Table 4.2. 
Table 4.2: Relative nutrient concentration reductions during a 9 day growth period in 
second of three semi-continuous batch cycles grown in the 1000 gallon berm. 
Nutrients 
Initial 
Concentrations 
% Reduction 
Day 2 
% Reduction 
Day 4 
% Reduction 
Day 7 
% Reduction 
Day 9 
NH3 50.0 mg/L % 64.0 % 93.0 % 99.9 % 100.0 
NO3 7.5 mg/L % 100.0 % 100.0 % 100.0 % 100.0 
PO4 7.3 mg/L % 61.5 % 70.6 % 95.1 % 97.8 
 
The tank was again drained by 50% and refilled with new wastewater for the last time during the 
first run. Samples were taken on days 3, 5, 7, and 10. By day 10 nutrient drops were not as low as desired 
so the run was ended. Table 4.3 depicts the measured changes in nutrients. 
Table 4.3: Relative nutrient concentration reductions during a 10 day growth period in 
third of three semi-continuous batch cycles grown in the 1000 gallon berm. 
Nutrients Initial 
Concentrations 
% Reduction 
Day 2 
% Reduction 
Day 5 
% Reduction 
Day 7 
% Reduction 
Day 10 
NH3 43.3 mg/L % 33.0 % 46.9 % 58.4 % 67.7 
NO3 5.32 mg/L % 33.8 % 50.4 % 66.9 % 75.2 
PO4 5.94 mg/L % 24.2 % 41.1 % 41.1 % 49.5 
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The less than optimal performance of the final cycles suggested contamination from outside 
organisms as bacteria, microalgae, or possibly protozoa. In any case, Scenedesmus successfully treated 
two cycles of wastewater, demonstrating the viability of the semi-continuous batch system. Also, it was 
noted that the Scenedesmus grew continuously up to 27 days. The experiment was repeated but with a 
quicker turn over time between each cycle. This was decided as nutrient levels during the first two cycles 
of the first run showed significant reduction by day 4. A faster turnover time between cycles would also 
allow for a larger volume of wastewater to be treated in a shorter period of time. 
Coliforms counts were also observed during the first run. At the beginning of the second batch 
Coliforms levels were 9x10
5
 cfu/ml, on day 2 the levels had dropped to 6x10
4
 cfu/ml, and by day a 4 a 
99% reduction in Coliforms was seen at 1x10
3 
cfu/ml. Figure 4.5 shows the changes in colonies over these 
four days. Similar reductions in Coliforms were seen through the Webster experiments.  
 
Figure 4.5: Changes in Coliform colony forming units over the first 4 days of microalgae growth 
during the second batch of the first 1000 gallon run.  
 
Before the second 1000 gallon run began, the tank was completely emptied and cleaned and 
additional air compressors were added to provide more mixing and a larger input of ambient CO2. The 
second run lasted a total of 39 days and was conducted as a semi-continuous batch cycle where the tank 
was drained 50% every 4-7 days for the first 5 turnovers. The last two cycles were drained and refilled 70 
%. Scenedesmus was again used to inoculate the first batch. The changes in nutrient levels can be seen in 
Figures 4.6-4.8.  
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Figure 4.6: Ammonia changes during second 1000 gallon semi-continuous batch cycle. 
 
 
 
Figure 4.7: Nitrate changes during second 1000 gallon semi-continuous batch cycle. 
 
 
Figure 4.8: Phosphate changes during second 1000 gallon semi-continuous batch cycle. 
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The beginning of each cycle can be seen as a vertical jump in nutrient concentrations as nutrient 
levels were taken before the draining and after the refilling of the berm on the same day. Note the greater 
stability of ammonia and phosphate initial input concentrations as compared to nitrate which is often a 
relatively small constituent of the Webster town wastewater.  The corresponding relative nutrient 
reductions are shown in Table 4.4.  
 
Table 4.4: Relative nutrient concentration reductions during 39 day growth period in 
second semi-continuous batch run consisting of 7 cycles grown in the 1000 gallon berm. 
Nutrients 
% Reduction Day 4 
Of Batch 1 
% Reduction Day 3 
Of Batch 2 
% Reduction Day 6 
Of Batch 3 
% Reduction Day 6 
Of Batch 4 
NH3 84.1 % 97.6 % 97.6 % 99.7 % 
NO3 44.4 % 74.6 % 28.6 % 71.4 % 
PO4 86.9 % 92.9 % 72.0 % 88.4 % 
  
 
Nutrients 
% Reduction Day 4 
Of Batch 5 
% Reduction Day 7 
Of Batch 6 
% Reduction Day 7 
Of Batch 7 
NH3 84.8 % 99.7 % 88.6 % 
NO3 50.0 % 100.0 % -71.4 % 
PO4 65.8 % 89.6 % 27.9 % 
 
 
Besides nitrate, which began many cycles already in a low concentration, ammonia and 
phosphate concentrations showed a minimum of 70% reduction by day 7 and were often greater for the 
first 6 cycles lasting 32 days. By the 7
th
 cycles, the microalgae began turning a brown color and nutrient 
concentrations had not dropped as expected. The batch was ended and the tank drained and cleaned. With 
winter approaching, no more 1000 gallon outdoor runs were conducted.  
 
4.2 Food Waste 
 4.2.1 Lab Scale Northern Soy Experiment 
Northern Soy waste water was collected at the plant and transported to the lab, where bench scale 
tests were conducted to determine viability of microalgae growth in that media. A nutrient analysis was 
performed on the food waste water (Table 4.5) showing low phosphate concentrations, but an ample 
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nitrogen source. Initially it was decided to attempt growth of microalgae without the addition of any 
nutrients, as such an approach would save money in large scale operations.  
Table 4.5: Nutrient makeup of North Soy food waste. 
Nutrient Concentration 
Phosphate 0.45 mg/L 
Nitrate 132.44 mg/L 
Ammonia 0.29 mg/L 
 
 
Scenedesmus, Chlorella, and Chlamydomonas were grown on 60 ml northern soy with 50 ml of 
culture and 540 ml of dH2O for dilution. A ten-fold dilution of water was necessary as the media foamed 
when aerated. While an open container system may require less water dilution, the funnel shaped tops of 
the growth flasks used in the lab caused the foam to quickly build up and over flow. Once the dilution 
was established, growth curves for each algae strain were obtained over a 5 day growth period seen in 
Figure 4.9.  
 
Figure 4.9: Microalge growth on Northern Soy 
While promising algae growth was observed on the Northern Soy food waste, issues with 
excessive bubbling and other external forces limited further progress made with the Northern Soy food 
waste.  
 
4.2.2 Lab Scale Bakewise Pilot Experiment 
 As a replacement food waste for Northern Soy, food waste was collected from the Bakewise 
Bagel facility. Again a nutrient analysis was performed to determine the viability of algae growth shown 
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in Table 4.6. Phosphate concentrations were well suited however nitrate and ammonia concentrations 
were lower than ideal.  
Table 4.6: Nutrient concentrations in Bakewise food waste. 
Initial nutrient levels 
Nutrient Concentration 
Phosphate >4  mg/L 
Nitrate 1.32 mg/L 
Ammonia 0.329 mg/L 
 
A number of bench scale tests were performed on the Bakewise food waste to optimize algae 
growth before beginning the 100 gallon test runs. In the first test a three-fold dilution of the Bakewise 
food waste with wastewater was necessary to eliminate excess foaming. Wastewater was used instead of 
dH2O in this case, as the wastewater would provide a free nitrogen source for algae growth and access to 
municipal wastewater was available at the Bakewise bagel company. The microalgal growth on the media 
is shown in Figure 4.10 where Chlorella showed the best growth on the Bakewise media, though all 
microalgae strains were able to grow on the media. 
 
Figure 4.10: Microalge growth on Bakewise 
 
The desktop experiment was repeated with nitrate additions in the form of sodium nitrate to 
determine if increase growth could be achieved. The growth curve for this experiment is shown in Figure 
4.11.  Running only 4 days, an approximately 50% increase in culture density was observed from 
Chlorella and Scenedesmus as compared with the initial curve. Chlamydomonas grew less vigorously 
after nutrient additions. 
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Figure 4.11: Microalge growth on Bakewise with 0.5g/L of sodium nitrate 
 
Because such a large increase in algae growth was seen with nutrient additions, a second round of 
bench scale tests was performed in which three different nitrate sources (sodium nitrate, ammonium 
sulfate, and ammonium chloride) were tested added to the culture at 0.5 g/L and the growth curves were 
measured to look for the greatest increase in culture density. Chlorella was used as the tested algae strain 
as it showed the most promise in all previous Bakewise food waste experiments. The results of this test 
are seen in Figure 4.12.  
 
Figure 4.12: Growth of Chlorella on Bakewise food waste with 0.5g/L of sodium nitrate, ammonia 
sulfate, and, ammonia chloride additions. 
 All three nutrient sources demonstrated an increase in Chlorella growth at the provided 
concentration, but ammonia sulfate performed best. The decision to use ammonia sulfate as the nutrient 
source of choice for the remaining food waste experiment was based on the above experiment and the 
relative cheapness of ammonia sulfate, which becomes more important as the experiment is scaled up.  
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 Once Ammonia Sulfate was chosen as the nitrogen source of choice, the appropriate 
concentration of ammonia sulfate needed to be determined to induce the largest increase in growth 
without using more ammonia sulfate than needed. A final lab experiment was performed in which five 
flasks were filled with the diluted Bakewise food waste (as described in methodology) and supplemented 
with different concentrations of ammonia sulfate ranging from 0 g/L to 1.5 g/L. Chlorella was again used 
as the test microalgae species (Figure 4.13) 
 
Figure 4.13: Growth of Chlorella on Bakewise food waste with various concentrations of Ammonia 
sulfate. 
 Here we see increasing microalgae concentrations with increasing ammonia sulfate 
concentrations up to 0.5 g/L, after which microalgae cell densities begin to fall again. The above 
experiments were used to determine the dilution ratio, the microalgae species, the nitrogen source, and the 
concentration that were used for the 100 gallon experiments.  
 
4.2.3 100 Gallon Indoor Bakewise Experiment 
Two 100 gallon indoor experiments were run, testing the removal of BOD5 during microalgae 
growth. On day 7 of the first run it was discovered that one of the two air compressors had come 
unplugged sometime previous and was reconnected on day 7. The changes in BOD5 were measured and 
are depicted in Figure 4.14. Note that on day 7, BOD5 dropped rapidly. 
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Figure 4.14: First 100 gallon indoor growth of Chlorella on Bakewise food waste. 
 
The experiment was performed again and it made sure that continuous aeration was provided. 
Figure 4.15 shows the changes in BOD5 during the microalgal growth.   
 
Figure 4.15: Second100 gallon indoor growth of Chlorella on Bakewise food waste. 
 
An initial increase in BOD was seen whether or not the culture was properly aerated. However, in 
the properly aerated culture BOD levels began to drop by day 4. The initial increase in BOD5 is 
speculated not to be an actual increase in organic compounds but the splitting of complex carbohydrates 
into simpler sugars which are more readably utilized during the BOD5 test.  
 
4.3 Leachate 
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Three side by side experiments were run in 100 gallon tanks set outside at the Ontario county 
landfill. In the first run, approximately 60 gallons of leachate was added to each tank which was 
inoculated with either Chlorella or Scenedesmus. Nitrate levels in the leachate collected from this landfill 
are very low, however initial phosphate levels and ammonia levels are much higher and of greater 
treatment concern. Figures 4.16 and 4.17 show the changes in these two nutrients during a 16-day outdoor 
growth period. 
 
Figure 4.16: Ammonia concentrations during first 100 gallon outdoor experiment on leachate. 
 
 
Figure 4.17: Phosphate concentrations during first 100 gallon outdoor experiment on leachate. 
 
During the experiment, ammonia levels dropped rapidly and consistently, while phosphate level 
dropped rapidly for the first 6-7 days before rising almost back to pre-treatment levels. A second run was 
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control tank was used to see if the ammonia drops were more influenced by off gassing ammonia from the 
aeration or from the microalgae growth. Also, the control would allow us to determine if the strange 
reoccurrence of phosphate was a phenomenon created as a result of the microalgae growth or if it was 
influence by other processes.  The second run lasting 16 days, showed nutrient changes that were very 
similar to the first run, with or without algae (Figures 4.18 and 4.19). 
 
Figure 4.18: Ammonia concentrations during second 100 gallon outdoor experiment on leachate. 
 
 
Figure 4.19: Phosphate concentrations during second 100 gallon outdoor experiment on leachate. 
 
We suspect that the lack of difference between the control and the Chlamydomonas was due to 
the dark color of the leachate reducing light level penetration during growth. In an attempt to alleviate this 
potential problem, a 50:50 mix of leachate and surface water runoff collected on site was used for the 
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third and final experiment. Figures 4.20 and 4.21 show the nutrient changes during the final 15 day 
leachate run where a control and Scenedesmus were run side by side. 
 
Figure 4.20: Ammonia concentrations during third 100 gallon outdoor experiment on leachate. 
 
 
Figure 4.21: Phosphate concentrations during third 100 gallon outdoor experiment on leachate. 
We see that in both cases nutrient rates dropped more quickly initially in the cultures with 
Scenedesmus, but finally followed the same trend as the control. This suggests first that a clearer culture 
media is needed in order to appropriately grow the microalgae, and second that off gassing makes up a 
large portion of the ammonia removal that was seen, though a clearer culture did support more ammonia 
uptake by the microalgae, and third that the increase in phosphate after day 7 is not created by the 
microalgae but through some other mechanism. 
  
0 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1 3 5 7 9 11 13 15 
m
g/
L 
A
m
m
o
n
ia
 
Days Running 
Scenedesmus 
Control 
0 
1 
2 
3 
4 
5 
6 
7 
8 
1 3 5 7 9 11 13 15 
m
g/
L 
P
h
o
sp
h
at
e
 
Days Running 
Scenedesmus 
Control 
 IMPROVED ECONOMIC FEASIBILITY OF BIOFULE PRODUCTION THROUGH WASTE WATER BASED MICROALGAE GROWTH 
 
41 
 
5. DISCUSSION 
 
5.1 Goals: 
The work of this thesis was completed as an attempt to achieve six goals.  
1) To show combined nutrient removal and microalgae growth in an outdoor 1000 gallon tank.  
 
2) To test a semi-continuous batch system that would allow for partial draining of treated water and 
re-inoculate of new untreated water from previous batches, determining the period of culture 
stability and removing the need to prepare a new seed culture every week. 
 
3) To grow algae in a high BOD wastewater 
 
4) To reduce the BOD in a microalgal based waste water treatment using a 100 gallon tank. 
 
5) To grow microalgae in 100 gallon outdoor tanks filled with leachate 
 
6) To reduce high nutrient loads while growing algae 
 
The following is a discussion about the success and/or failure of each goal and possible future work 
that could result from the tests presented above.  
 
5.2 Municipal Wastewater: 
 Beginning with the hundred gallon indoor test runs on the Webster wastewater and finishing with 
the two outdoor semi-continuous batch runs lasting a total of two and a half months, it was found that the 
species of microalgae tested (Chlorella, Scenedesmus, and Chlamydomonas) grew very well and without 
much need for culture media improvements. The three 100 gallon experiments showed significant nutrient 
drops after 4 days of microalgae growth across species. While no one species seemed to outperform the 
others in terms of nutrient reduction rates, it was observed visually that Scenedesmus settled more readily 
after initial blooming. This is an important characteristic in any microalgal strain being used for water 
treatment, as it reduces the need for chemical approaches to flocculation. 
 The auto flocculation of microalgae has been observed numerous times and has been linked in 
some species as a response to environmental stimuli, nitrogen stress, pH, and level of dissolved oxygen 
(Benemann and Oswald, 1996). All of these factors were seen during the growth of microalgae in our 
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semi-continuous open ponds systems. Nutrient levels drop as the microalgae grow, pH levels rise rapidly 
as no supplemental CO2 is added other than that found in air, and oxygen levels rocket to above 100% 
saturation as a result of microalgae growth.  
 Microalgae grown in the 100 and 1000 gallon open tanks showed ample growth based on optical 
density measurements (not presented) and visual observation of vibrant green culture and subsequent 
nutrient and pathogenic bacteria level drops. It has been shown that microalgae, specifically Scenedesmus, 
can be grown on a media composed entirely of wastewater from a primary clarifier in an outdoor pond 
and finishing with a water low in nutrient and pathogens.  
 However, such a system needs much improvement before commercial use can be viable. If 
treated wastewater provides capital, than the faster the water can be treated the more capital can be 
produced, and the more viable such a system becomes.  This is the inspiration for the semi-continuous 
batch system used. A semi-continuous batch system has two advantages.  First, it reduces the need for 
frequent additions of fresh algae culture.  Second, it provides a much larger inoculation at the beginning 
of each cycle, reducing the time needed to create a new culture in the tank. Initially each cycle lasted 7-10 
days, but as nutrient levels dropped rapidly by day 3 or 4, this was seen as unnecessarily long. So the 
timeframe was shortened during the second run. Also, during the end of the second run, the final two 
cycles were inoculated with a 30% old culture and 70% new wastewater ratio, larger than the 50:50 
approaches taken previous. Even with a larger initial fresh wastewater volume during the 6th run, 
nutrients were significantly reduced. This is not surprising, as even with 70% new media (wastewater), 
the 30% culture remaining still has a greater concentration of microalgae than the 1:10 ratio used on the 
initial inoculation. The process failed on the 7
th
 run, but it is more likely this is a result of culture age as 
opposed to a limited inoculation culture, as the batch had been running for 39 days without fresh culture, 
while the previous run had failed after 27 days. In fact, the reason that the culture lasted so long compared 
to the first run may have been a more constant supply of nutrients creating a more constant dense 
microalgae culture. This consistent dense culture may create conditions which are harder for new 
opportunistic species to take root (Schenk et al, 2008).  
Following this logic, it might be that a semi-continuous batch system in with a 70% renewal rate 
(or larger) may be more stable than a 50% renewal rate as was performed most often in our setup. This of 
course is speculation, but it provides grounds for future research. The process was shown to work, but 
there is much room for optimization and tweaking.  Some of these questions that still need answering 
include large renewal rates, possible addition of CO2 as a nutrient supplement, and a more complete algae 
harvesting system.  
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While performing larger renewal rates are quite easy and may provide the cheapest means to 
improve the systems created above, CO2 supplementation and possible chemical flocculation procedure 
also could create a large improve in growth rate (and so treatment rate), and a much needed microalgae 
harvesting method.  
CO2 supplementation has been shown definitively to improve microalgae growth rate (Park and 
Craggs, 2010; Park et al., 2011), however it does come with tradeoffs. First, purchasing CO2 can become 
costly, particularly when you are using it to aerate millions of gallons of ponds. And if the CO2 source 
being used isn’t from some waste stream, then the microalgae being grown are no longer carbon neutral 
energy sources. This is a product of two factors.  First, a good portion of that CO2 being pumped into the 
ponds is lost through to atmosphere, creating CO2 emissions.  Second, because the carbon stored in the 
lipids is no longer from a recycled source, burning the fuel made from these lipids will create another CO2 
emission source.  
Some have overcome this problem by using waste CO2 streams, often from power plants 
(Matsumoto et al, 2003; Doucha et al, 2005). This CO2 has the benefit that it would enter the atmosphere 
whether or not it was used for aeration in microalgae ponds, so we again could call the process carbon 
neutral. Supplementing with CO2, however, also lowers the pH of the growth media, which can be used to 
regulate pH levels to improve culture growth (Williams, 2002), but it also removes the microalgae’s 
ability to remove pathogenic bacteria from the water and reinstates the need for chlorination. Chlorination 
of wastewater has become a concern, as it produces carcinogenic compounds from the dissolved organic 
matter found the in the water (Rook, 1974; Norwood et al,1980; Herve and Urs, 2002; Arnold et al,2008). 
While chlorination may have some negative side effects, the increase in microalgae growth and decreased 
water treatment time from CO2 supplementation may compensate for such losses. But such a discussion 
falls outside this research and lends itself well to future work.  
 
The other major problem with the current process is the lack of algae harvesting. Harvesting the 
microalgae is essential not only for biofuel production, but also for proper waste water treatment.  If the 
microalgae are released back into the environment, the nutrients they absorbed will go with them and so 
no progress will be made. During the course of the above work, it was observed that a large concentration 
of the microalgae did settled, making removal easy, but an equally significant portion of the microalgae 
remained in solution. There are a number of ways to concentrate the microalgae, the two most common 
include centrifugation and chemical flocculation. Centrifugation requires large energy consumption and 
may be needed even after chemical flocculation. But in any case, some method of microalgae harvesting 
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is needed before this process can be called complete and successful, but as these methods do already exist 
the process can at least be called plausible, and its success now hinging on economic viability instead 
(Luisa, 2011).  
The semi-continuous batch system was originally designed to be a preliminary work for a larger 
project of establishing a microalgae based wastewater treatment facility in Haiti. The facility designed are 
included in appendix 1.  
 
5.3 Food Waste: 
 Using microalgae as a pretreatment for high BOD food wastes does not have the extensive 
literature backing and methodology as growing microalgae in wastewater does. Because of this, 
experiments began small, as some tweaking was necessary to deal with foaming, turbidity, and nutrient 
limitations. Two different food waste waters were used with unique nutrient compositions. The Northern 
Soy food waste water had excellent nitrate concentrations, but was lacking in phosphate, while the 
opposite was true for the Bakewise food waste that was used for the majority of the experimentations.  
 This fact highlights an important consideration with all food waste waters, unlike municipal 
wastewater, which usually has all the necessary nutrients for microalgae growth.  Food waste water can 
be highly variable in nutrient compositions and will likely require an initial screening, followed by 
additions of fertilizers to provide the lacking nutrients. The other challenge that was seen in both the 
Northern Soy and the Bakewise food waste was its propensity for foaming, requiring a dilution to fix.  
 The reason it was decided to attempt a pretreatment of food waste waters was to overcome the 
surcharges issued to food companies by the municipal treatment plants. High BOD waste water reduces 
the treatment plants ability to remove nitrates from the water and often puts them out of compliance. An 
opportunity was seen to both help the current treatment plants, by reducing high BOD waste water, and 
also to help the food companies eliminate surcharges by setting up a pretreatment system.  However, the 
need for additional nutrients to make a complete media makes this approach less efficient. A possible 
solution may be mixing a number of food waste media to create a more complete nutrient source. For 
instance, had the high nitrogen Northern Soy waste water, been combined with the high phosphate 
Bakewise waste water, there would have been no need for the addition of an outside nutrient.  While such 
an approach would help make a complete media, the food waste would still need diluting to deal with the 
foaming issue, suggesting that the best solution may be simply to use microalgae to remove BOD at a 
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treatment plant instead of using a pretreatment system. The incoming wastewater will serve as a dilution 
to the food waste water and will also provide free nutrients. While BOD was not monitored during the 
1000 gallon runs at the Webster treatment plant, we can use the results of the food waste water 
experiments to at least highlight the plausibility of using microalgae growth as a means to remove BOD. 
However, after some dilutions of the media and additions of ammonia sulfate, good microalgae growth 
was observed on the food waste water, completing our first goal for the food waste. The curtail goal 
though, is to show that the growth of the microalgae will correlate with a reduction in BOD levels.  
 A half a gram per liter of ammonia sulfate was added to the 2:1 wastewater: food waste mixture 
added to the 100 gallon tank. Twenty-four gallons of food waste water in 75 gallons of total media was 
monitored for BOD levels during a 10 day microalgae growth.  During the first run a hose malfunctioned 
and improper aeration was provided during growth and BOD levels stayed very high until the problem 
was fixed on day 7. While this run failed to adequately remove the organic compounds in the food waste, 
it does illuminate two important facts about treating food waste.  
First, and most obvious, is the need for oxygen. While the microalgae may be growing 
heterotrophically, it is likely that most of the organic removal is completed by bacteria which need 
oxygen for metabolism. The growth of the microalgae, as it did in the Webster wastewater runs, will 
create lots of O2 that will supersaturate the water and provide this key ingredient to the bacteria that are 
growing symbiotically with the microalgae. However, in the first run, three factors reduced the 
effectiveness of this process.  
Second, the indoor lighting system, while sufficient for microalgae growth, is far dimmer that 
what is seen in outdoor conditions. While this is not usually a problem, when adding in the turbidity of 
the food waste media, the result is reduced light penetration. The aeration provided will add oxygen to the 
water, but its most important function is to mix the media, so more microalgae are exposed to the light. 
When the hose providing aeration disconcerted, the microalgae could not grow fast enough to match the 
oxygen demand of the bacteria and the system went aerobic, leading to its failure.  
 The second phenomenon observed in the first run, and also in the second, was the initial increase 
in BOD by 100 percent or more. This is likely a result of the limitations of the BOD measurement. BOD 
is a measure of the oxygen utilized while bacteria grow in the select volume of water. The oxygen 
removed is then used as a measure of organic loads in the water. However, this process is biased towards 
easy metabolized organic compounds,  in that, a water full of simple sugars will show more oxygen 
removal after five days than a more complicated and harder to metabolize organic compound. From this, 
it seems likely that the initial increase in BOD seen was a result of more complex carbohydrates present 
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initially being metabolized into simpler sugars during the first days of growth, creating an observed 
increase in BOD level. It isn’t until the organic compounds are completely broken down and evolved as 
CO2 that the measured BOD levels truly begin to fall. This was seen on day 4 of the second run, where 
the BOD levels fell from over 8000 g/l to under 3000 g/l overnight. The large decrease also supports the 
theory that more complex compounds were being broken into simpler organic before final metabolism, as 
such a large and rapid decrease of BOD suggests that organic compounds being removed were easily 
broken down.  
 By the end of the second run, BOD levels had dropped from an initial 5100 g/l to a final 1500 g/l 
by day 12, demonstrating a 70% reduction in BOD. While these results are promising, a 12 day treatment 
period is far too long for a typical treatment plant. This may be mitigated if the experiment were repeated 
outdoors, where even a cloudy day produces much more sunlight than is provided by our light system.  
More sunlight will stimulate more microalgae growth and so provide more oxygen for the bacteria to 
metabolize the organics. Also, a 1:2 dilution of food waste was reasonable for a pretreatment, but if a 
complete treatment is attempted in a microalgae based treatment plant, then a much larger dilution of the 
food waste water will be seen. This will reduce the organic load present, reduce the turbidity of the media, 
and increase the availability of nutrients from the municipal wastewater. Together these effects have the 
possibility of greatly reducing the treatment period required.  
A series of four 1.25 ha High Rate Retention Ponds (HARPs) have been established in 
Christchurch, NZ, and have tested this concept. HARPs are shallow (0.2 – 0.5m), continuous raceways 
around which wastewater is circulated by a paddlewheel. Over the course of 15 months, microalgae has 
been used to treat ~500 m
2
/ day of primary effluent, harvesting the microalgae in the process and of 
particular importance here, monitoring BOD5 levels. Averaged over the summer and winter months, a 47-
52% drop in BOD5 was observed with dissolved oxygen levels remaining between 86 and 98%, providing 
a robust oxygen source for bacterial metabolism (Craggs et. al., 2012).  
5.4 Leachate: 
Using microalgae to treat leachate had many of the same concerns as using microalgae to treat 
high BOD waters; little known research for methodology and plausibility, and poor light penetrations, in 
this case because of the dark color of leachate. However, all leachate experiments were preformed 
outdoors, which has the added benefit of high light intensity.  
 The first experiment lasted 16 days and consisted of two side by side 100 gallon tanks filled with 
60 gallons of leachate and treated with either Scenedesmus or Chlorella. Ammonia levels dropped very 
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consistently while phosphate levels dropped initially but then rapidly rose almost back to base levels by 
the end of the run. This was the first time this was observed in any previous microalgae experiment. It 
seems that whichever mechanism led to the initial drop in phosphate re-released it a few days later. 
Possibly large bacterial populations developed rapidly but soon died and degraded, releasing the stored 
phosphate. While ammonia levels did not return after treatment, the consistency of the removal on 
ammonia suggests that it was not performed by a biological process, but rather through off gassing during 
the aeration of the tanks.  
To deal with these problems, a control tank without any microalgae was established on the second 
experiment and run in parallel with a tank filled with Chlamydomonas. Here, very little difference was 
observed between the control and the tank with microalgae. The same patterns of rapid and uniform 
ammonia loss and initial phosphate loss then reintroduction were seen in the control tank without 
microalgae, suggesting that the microalgae are either not able to grow in leachate, or at least not able to 
grow effectively in the dark media. In support of the later, centrifuged samples of experiments showed a 
small green pellet (microalgae) underneath a much large white pellet (bacteria). While bacteria is present 
in the other experiments conducted previously, centrifugation never presented a sample which had much 
more bacteria than microalgae, even in the food waste experiments where conditions were ripe for 
bacterial growth.  
The lack of microalgae in the samples was likely the results of the dark color of the leachate 
leading to limited light penetration. A lab test was performed in which 45% H2O2 was added to a sample 
of leachate in attempt to oxidize the color compounds. This was met with good success as seen in Figure 
5.2 
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 Figure 5.1: On the right a centrifuge tube contains the original leachate waste water, on the left 
is a liquid consisting of 30% H2O2 70% leachate mix after letting react for 1 hour.  
 
 While discoloration was very successful in the lab, the volume of H2O2 required was not practical 
for use in our experiments. A second, simpler approach was taken through simple dilution. Ponds on site 
existed which captured the rainwater runoff and served to be a logical choice for a dilution media. A 
50:50 mix of runoff and leachate was established in the two 100 gallon tanks. One tank contained 
Scenedesmus culture and the other was used as a control. The two cultures were allowed to set for 15 days 
and showed promising results. Both ammonia and phosphate concentrations dropped more rapidly in the 
Scenedesmus tanks as compared to the control, and while the phosphate levels in the microalgae tank rose 
after the initial drop and paralleled changes in the control tank, phosphate levels remained lower in the 
microalgae tank after the initial drop. It can be then speculated that difference between control tanks final 
phosphate levels and the microalgae tanks phosphate levels, approximately 15%, represents the 
concentration of phosphate taken up and stored in the microalgae. This tells us first that the dilution 
allowed sufficient sunlight to pass for some microalgae growth, supported by larger microalgae pellets in 
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centrifuged samples and satisfying the listed goals, and second that a larger dilution of leachate is 
necessary to induce more significant microalgae growth.  
 
6. CONCLUSION 
The use of microalgae to treat waste waters with the intent to create biofuels has the potential to 
reshape the way we produce fuel and to potentially drastically reduce our CO2 emissions. The beauty of 
such a process, if it can be shown to be economically viable, is that we are creating a useable energy 
source from a waste source, and in the process reducing nutrient loads on marine ecosystems and 
reducing the need for fossil fuels.  
 While many fine tuning improvements are necessary to improve economic feasibility, creating an 
economy of scope between the water treatment industry and biofuel production goes a long way; 
particularly because most of the needed infrastructure is already established in current wastewater 
treatment plants.  But even without pre-established infrastructure, the process of growing microalgae can 
be quite simple and is ready for cheap and quick adaptation in developing countries lacking any 
wastewater treatment facilities. 
 Using three different waste streams, municipal wastewater, food waste water, and landfill 
leachate, microalgae growth was observed in open ponds and monitored for successful wastewater 
mitigation. Microalgal growth on municipal wastewater was highly successful, demonstrating vigorous 
growth and excellent nutrient drops. Food waste water mitigation required large dilutions in order to 
reduce foaming and increase light transmission through the media. Similar light transmission problems 
were seen in landfill leachate, whose dark color radically hindered microalgae growth and also required 
dilutions for proper treatment. Food waste water had the additional challenge of not being a complete 
media source for microalgae, and nutrient additions were required for adequate growth. 
 It was originally proposed that microalgae could be used as a pretreatment in the case of food 
waste and leachate waste waters to reduce the burden on treatment plants, and, in the case of food 
industries, reduce fines for producing high BOD waste waters. However, in light of limitations in 
microalgae growth due to dilution and nutrient requirements, it seems more plausible to create a 
microalgae based treatment plant with the robustness to handle these waste streams on site. Current 
restrictions seen in typical waste water treatment faculties, need for low BOD waste water streams and 
use of chemicals for phosphate treatment, are not observed in a microalgae based facility.  
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 Such a facility could make use of the many existing structures of current treatment facilities but 
would require some modifications. Currently, many food waste companies pay large fines for the waste 
water they produce. These fines could be invested into the treatment facility and used to modify the 
facility to use microalgae as the main treatment component. The benefit to the food industries would be 
the eventual removal of these fines once the modifications have been made, while the treatment facilities 
would be able to update their systems to become more robust with the use of microalgae.  
 There is as much need for future research, improvement in methodology, and optimization as 
there are possible chances for microalgae uses. This thesis is designed to add to the pool of knowledge on 
the uses and characteristics of microalgae growth but much work still needs to be done before a 
worldwide change in fuel production become feasible. But as initial research with microalgae continues to 
demonstrate promising results, the use of microalgae seems to provide a road away from fossil fuels and 
towards a more sustainable future.  
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Appendix A:  Wastewater Treatment in Developing Countries: 
 
 The work with municipal wastewater was initially developed as a test system to be used in a 
larger project designed to treat wastewater in developing countries. Unfortunately, lack of funding has 
prevented the realization of this plan, but its contents are nonetheless still valid and so will be included in 
this thesis for possible future projects. The following is a plan for a microalgal based wastewater 
treatment “facility” that could be erected in developing countries designed to meet needs of a low income 
country without a well established sewer system or reliable power supply.  
 The system designed for use in developing countries contains 6 separate tanks instead of just one. 
This would allow for faster treatment of wastewater, as time involved in re-suspension of solids and 
settling of microalgae would be taken by separate tanks allowing for a more continuous system. Figure 
5.1 depicts the plan.    
 
Figure A.1: The six tank design that could be implemented in developing countries Tank 4 is 1/10 as large 
as the rest and is used to grow the inoculation culture. Such a design allows for re-suspension of 
incoming waste, settling of particulate matter, algae growth, and algae separation.  
 
The first tank in this setup holds water needed for re-suspension of the raw sewage that will be 
trucked in. Unlike the wastewater in the US, sewage will likely have to be collected and trucked in to 
such a plant, where it will need to be re-suspended in water for microalgal treatment. The collection of 
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this water could be pumped from a nearby stream. This would be particularly useful if that stream is 
already contaminated by wastewater, as it would also be treated in the process. The raw sewage will be 
pumped from the truck into either tank 3 for mixing or into tank 2 for storage.  Sludge pumped into tank 2 
will eventually be transferred to tank 3 where it will also be mixed with water.  In the mixing processes, 
water soluble nutrients and organic compounds will be removed from the sludge and dissolved in the 
water.  The diluted slurry will be allowed to settle and the water will be drawn off into tank 5. An algae 
culture growing in tank 4 will then be used to inoculate the high nutrient water pumped into tank 5. Both 
tank 4 and 5 have aerators placed in them to increase CO2 levels to stimulate algae growth through 
mixing.  The culture in tank 4 will be restarted after being emptied, and the new culture growing in tank 5 
will be allowed to grow until nutrient levels are at an acceptable level.  Due to the impracticality of 
running heavy machinery in developing countries, and also due to economic considerations, separation of 
the clean water from the microalgae will be done through auto flocculation in tank 6. The algae rich 
culture in tank 5 is drained into tank 6, where there are no aerators and a cover blocks out the sun. This 
will allow the algae to settle to the bottom of the tank and the algae biomass can be collected.  
A couple key features of this setup need clarification. First, no tank sizes were given other than 
the relative difference between tank 4 and the rest. This was done on purpose, as this design could be 
setup at any scale which seems the most practical for the budget and the wastewater volume. Also, it was 
envisioned that the transfer of liquids from one tank to the next would be done by gravity. That is, the 
tanks could be established on a hillside or on a tiered system and connected in such a way that releasing a 
plug will allow the water of one tank to drain into the next. Whether the practicality of such a system is 
worth the benefit gained from not needed to mechanically pump the water from one tank to the next is 
dependent on the individual system being designed. Finally, while tank 4 is designed to provide the 
microalgae inoculation for tank 5, it does not need to be used every time a new culture is started. Based 
on the results from the two 1000 gallon Webster runs, it seems likely that a new microalgae culture need 
not be added more than once per month.  
A final concern about growing microalgae in developing countries is that they are often located in 
much more tropical latitudes than Rochester NY, and so will have to deal with a number of environmental 
concerns not faced here. At first glance, it may appear that the microalgae will thrive in the warmer 
sunnier climate, and this may be true, but it requires experimentation. The most apparent concern may be 
photo inhibition of the microalgae due to very intense sunlight seen in these climates (Schenk et al., 
2008). It may be that the cultures will be dense enough to block enough light during mixing to keep the 
culture from over indulging in solar radiation. But it may also be the case that a deeper culture depth or a 
more vigorous mixing is required for optimal culture densities.  
